Twenty-one new promising lines in addition to four standard cultivars of snap bean (Phaseolus vulgaris L.) were evaluated under eight environmental conditions (four sowing dates in two sea-
INTRODUCTION
Snap bean (Phaseolus vulgaris L.) is an important vegetable legume crop which belongs to family of Leguminosae. In Egypt, this crop is grown for both export and local consumption. Also, as a legume crop, it complies well into cereal rotations with providing nitrogen to the soil, need short period and it can reduce the intensity of diseases in non-legume crops if it is managed properly. Snap bean is a well-established vegetable of Egyptian agriculture and is regarded as the main cash crop of the farmers in many areas of Egypt with an estimated production area of 50946 feddans yielded 193291 tons with an average of 3.794 tons per feddan.
Plant breeders look for greater variability in crop plants for evolving lines which give maximum yield over the environments and show consistent performance. It is imperative that most adaptable cultivars should be developed to improve the productivity of snap bean in view of climate change. Significant effect was found between varieties on number of days to flowering of green bean AUJASCI, Arab Univ. J. Agric. Sci., 27(2), 2019 (Seyum, 2014) . Non-significant differences were determined among cultivars for pods fiber content Sowing date, environment and cultural practices influenced yield and its characteristics. Among the various agronomic practices, optimum sowing date and best cultivar are of primary importance for potential yield. Number of days to 50% flowering trait showed highly significant differences for sowing dates (Seyum, 2014) . Total yield trait showed significant differences for sowing dates (Yoldas and Esiyok, 2007 , Getachew et al 2014a , Elhag and Hussein, 2014 , Seyum, 2014 and Getachew et al 2015 . However, Esmaeilzadeh and Aminpanah (2015) indicated that total pod yield trait showed non-significant differences for sowing dates. Mounir et al (2015) cultivated two snap bean cultivars (Xera and Bronco) in different sowing dates (Oct. 1 st , 8 th and 15 th ) in Egypt and found that sowing seeds on Oct. 8 th resulted in increasing in total yields compared to other sowing dates. They also found that delaying sowing date from Oct. 1 st to Oct. 8 th significantly reduced pod diameter. Significant differences for sowing dates were obtained for pod length trait (Yoldas and Esiyok, 2007, Getachew et al 2014a), however, Esmaeilzadeh and Aminpanah (2015) indicated that pod length trait showed non-significant differences for sowing dates. Highly significant differences for sowing dates were showed for pods fiber content trait (Getachew et al 2015). Rust incidence trait showed highly significant differences for sowing dates (Getachew et al 2015).
Few cultivars have been recommended in Egypt over the last two decades. Release of a snap bean cultivar in any country occurs after its evaluation in uniform cultivar performance tests over different environments. An understanding of responses of recommended cultivars to environment assist breeders in the use of materials in breeding programs and in recommending cultivars for specific areas within bean producing region.
The general approach for studying the genotype by environment (G x E) interaction is analysis of variance and estimates of variance components (Comstock and Moll 1963). The variances most useful to plant breeders are interactions involving cultivar and environment. However, the analysis of variance technique does not indicate the response of each individual genotype to the environment. Significant interaction effects were found between varieties and sowing date on number of days to flowering of green bean (Seyum, 2014; Hussein and Abd El-Hady, 2015 on cowpea). Significant interaction effects was found between varieties and sowing date on fibers content trait of green bean ( Pereira et al (2014) found that the genotype × environment interaction differed significantly for tolerant rust disease trait.
A linear regression technique has been developed to estimate the stability of cultivar performance over environments (Finlay and Wilkinson 1963). Eberhart and Russell (1966) defined a desired type as being a cultivar with a high mean yield, unit regression coefficient (bi = 1.0) and deviation from regression as small as possible (S 2 d = 0). Tadesse et al (2017) evaluated 16 different common bean genotypes and found that stable cultivar wouldn't necessarily give the highest seed yield. However, Carbonell et al (2004) indicated that the most stable cultivars were always associated to the highest yield. Pereira et al (2014) evaluated 12 different genotypes of common bean under different environments and found that CNFB 16211 line presented high stability and adaptability and therefore this line may be a new cultivar. Fur-ther lines BRS Radiante, Poroto Alúbia and Alúbia Argentina exhibited the highest indices of stability/adaptability in unfavorable environments. Swegarden et al (2016) cultivated 20 dry bean cultivars in different environments and the results indicated that only three genotypes were stable for total yield character.
Hence, the present study aimed to investigate the performance of twenty one new promising lines and four check (control) cultivars snap bean genotypes and their phenotypic stability over variable environmental conditions.
MATERIALS AND METHODS
This study was conducted during the period from 2015 to 2017 at Barrage Horticulture Research Station (BHRS), Qalubia Governorate, Horticulture Research Institute (HRI), Agricultural Research Center (ARC), Egypt to evaluate some snap bean (Phaseolus vulgaris L.) genotypes for rust [Uromyces appendiculatus (Pers.) Unger] resistance, pod quality and productivity under various sowing dates. Also, the study aimed to study the interaction between genotypes and environmental conditions and its effect on the genetic stability of these snap bean genotypes and analyze its stability under different planting dates and identify the best genotype during different planting dates.
Twenty Table ( 1). All genotypes were sown during the seasons of 2015/2016 and 2016/2017 in four sowing dates for each year (two sowing dates for fall season and two sowing dates for summer season). Seeds were sown on first week of September (D1) and first week of October (D2) for the two autumn seasons and mid of February (D3) and mid of March (D4) for the two summer seasons. A randomized complete block design (RCBD) with three replicates was used for each sowing date. In the eight sowing dates, each plot consisted of three rows, each row was 0.70 m wide and 3.0 m long and the plants were spaced at 5-7 cm apart. The recommended agricultural practices such as irrigation and chemical fertilization were done but without using rust control fungicides. Data were recorded on the traits of number of days to flowering, pod length, pod diameter, pod fiber content, total green yieldand rust disease severity. Number of days to flowering trait was measured as the number of days from sowing until reaching to flowering of 50% of plants number of each plot. Pod length (cm) trait was measured as the mean length of random 25 pods per plot harvested in the suitable consuming time. Pod diameter (mm) trait was measured as the distance from dorsal to ventral suture at the largest section of pod and it was measured as the mean diameter of random 25 pods per plot harvested in the suitable consuming time. Fiber content (g/100 g fresh pod weight) trait was determined according to the methods described in A.O.A.C. (1990). Total green yield (ton/feddan) trait was calculated as the weight of all pods harvested throughout all season. Disease severity assessment of rust was determined based on detection of the first visible symptoms in each sowing date. Infection types of bean rust were evaluated after the fungus had fully established under the natural field conditions by using the 1-6 scale described by Stavely et al (1989) . Infection grading 1, 2 and 3 were considered incompatible (resistant) and 4, 5 and 6 were considered compatible (susceptible) as shown in Table ( 3) and Fig. (1) . Thirty leaves/plot were taken to estimate disease severity of each particular genotype representing the amount of area diseased. The percentage of infection was determined on the lower surface of leaf. The percentage of infection for each particular genotype was calculated by using the following formula: Pustules 300-500 μm in diameter Susceptible Compatible 5
Pustules 500-800 μm in diameter Moderately susceptible " 6
Pustules > 800 μm in diameter Highly susceptible "
Combined analysis of variance was performed across the eight environments (two years and four sowing dates) to detect the genotype by environment interaction effects as described by Snedecor and Cochran (1967) . The data of each trait were statistically analyzed as shown by Eberhart and Russell (1966) . Disease severity data were transformed before statistical analysis using angular transformation method.
RESULTS AND DISCUSSION

1-Analysis of variance components
Mean squares of analysis of variance over two years, and four sowing dates for the investigated traits of snap bean genotypes are given in Table  (4) . Mean squares of genotypes (G) were highly significant for all studied traits, suggesting the presence of wide range of differences between studied genotypes concerning all investigated traits. Mean squares of the other main sources of variation, i.e., years (Y) and sowing dates (D) were also highly significant for all traits except year for total green yield/feddan trait.
Concerning the interaction, all order interactions among different factors in this study were highly significant for all studied traits, indicating that environmental factors have important role in the expression of these traits and that suggesting the importance of genotypes under different sowing dates to identify the best genotypes for a particular or several sowing dates.
Some studies found significant interactions between snap bean genotypes and sowing dates factors for one or more of snap bean traits, viz. The mean performance for some economic characters of twenty five snap bean genotypes under 8 environments is given in Tables (5-10). Data showed that all studied traits were significantly affected by years, sowing dates, genotypes and their interactions. These results indicated that wide diversity existed among all snap bean genotypes concerning their performance as affected by various investigated factors.
With respect to the effect of years, it was observed that a significant increase was found in the second year than in the first one for all studied characters except for pods fiber content traits whereas data revealed that non significant difference were obtained between first and second years, also, rust disease severity trait whereas data revealed that first year was significantly higher than the second one. Results showed also that the second year yielded the highest mean values for total green yield/feddan (4.16 tons) exceeding by about 1.70% than the first year (4.09 tons). Data revealed that the first year was significantly highest in rust disease severity (9.07%) than the second year (7.97%). The differences in the results in years may be explained by the differences in climatic conditions at the two years (Table 2) .
Regarding to the sowing dates, the obtained results indicated that the two sowing dates in the autumn (First week of September and October) were earlier than the two sowing dates in the summer (Mid of February and March). Earliness in the sowing date in the autumn might be due to high temperature degrees during the germination period in September and October comparing with that in February and March which caused faster germination and vegetative growth in the autumn than in the summer dates for most genotypes. Results indicated that delaying of sowing date in both autumn and summer seasons gave a significant increase of pod length and decreased pod diameter trait. High temperature during early autumn and late summer may be the reason for the rapid pod developing. These results reflect the wide differences in climatic conditions prevailing during early and late planting. For pod fiber content trait, September as a sowing date in the two studied years recorded the lowest fiber content and gave values of 1.33 and 1.44 g/100 g fresh pod weight in the first and second years, respectively. Results indicated also that total green yield trait was signifi-cantly increased in the case of late fall date and early summer sowing dates, which recorded values of 4.48 and 4.52 tons in the first year and 4.40 and 4.59 tons in the second year, respectively, comparing with early fall date and late summer sowing dates which recorded values of 3.64 and 3.71 tons in the first year and 3.66 and 3.99 tons in the second year, respectively. Rust disease severity character was significantly affected by time of sowing. In the two years, favorable climatic conditions in late fall and early summer sowing dates lead to maximum rust disease severity which gave a mean values of 11.37 and 11.73% of rust disease severity which gave a mean value of 11.37 and 11.73% rust disease severity for late fall sowing dates and 12.27 and 8.73% for early summer sowing dates in the two years, respectively. Similar results were recorded by Yoldas and Esiyok (2007) (2015) who indicated that this trait showed significant differences for sowing dates. However, Esmaeilzadeh and Aminpanah (2015) indicated that pod length and total pod yield traits showed non-significant differences for sowing dates.
Results in Tables (5-10) indicated that there were wide differences among the twenty five evaluated snap bean genotypes overall environments for all studied characters. For number of days to flowering trait, the genotype G12 was consistently the earliest in all evaluated environments with a mean value of 30.33 days. Results indicated that genotype G1 gave the longest pod across all environments which gave mean value of 14.92 cm followed by G18 which gave mean value of 14.89 cm with non-significant difference between them. On the other side, the lowest values of pod length were obtained for G12 (10.16 cm), meanwhile, the check cultivars Bronco, Paulista, Samantha and Xera gave values of 12.45, 13.30, 13.04 and 11.56 cm, respectively. Overall means of pod diameter of the 25 genotypes studied across environmental factors ranged from 6.47 mm for cultivar Samantha to 9.43 mm for genotype G12 with overall mean value of 7.25 mm. At the overall combined analyses, recorded data showed that genotypes G10 and G6 possessed the lowest means of pod fiber content which gave mean values of 1.29 and 1.32 g/100 g fresh pod weight, at the generally speaking consolidated examinations, recorded information demonstrated that genotypes G10, G6, G21 and Xera had the most minimal methods for pod fiber AUJASCI, Arab Univ. J. Agric. Sci., 27(2), 2019 6.96 6.45 6.39 6.53 6.58 6.74 6.56 6.63 6.75 6.67 6.63 G13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 G14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 G15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 G16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 G17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 G18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 G19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 G20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 G21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 content which gave mean estimations of 1.29, 1.32, 1.34 and 1.38 g/100g. Data recorded on total green yield showed that genotype G8 gave the highest yield (4.93 tons) followed by G1 (4.77 tons) with significant difference between them, reflecting increases of about 5.58% and 1.70% comparing with the highest check cultivar Bronco (4.70 tons), respectively. Among 21 breeding lines evaluated, 18 lines showed absolute resistance against rust in all sowing dates (Table 10 ). These 18 promising lines proved superiority than all evaluated commercial cultivars for this character. However, three breeding lines (G10, G11 and G12) showed variable severity over the eight sowing dates of investigation and rated as susceptible genotypes (16.96-40.29%). While, the check cultivars viz., Bronco, Paulista, Samantha and Xera cultivars were rated as susceptible (19.29-38.16%) . found that pod length and grain yield traits were non-significantly influenced by different varieties. Also, Getachew et al (2015) who found nonsignificant differences among studied cultivars for fibers content trait. With regard to the interaction effects, data showed that the first and second order interactions were significant for all studied traits. Concerning G x Y x D interaction effect, the earliest flowering value was obtained by line G12 (25.67 days) when cultivated in 1 st September in the first year. Results indicated that the longest pods (16.31 cm) were obtained by line G18 under the summer season in March in the second year. The highest value of pod diameter (9.67 mm) was obtained by line G12 in second year at early summer sowing date (February), while Samantha gave the lowest value (6.18 mm) in the second year at early autumn sowing date (September). The lowest value of pod fiber content was obtained by genotype G8 (1.00%) in the early autumn sowing date (September) in the first year. The highest value of total green yield was obtained by G8 (6.07 tones) in the second year at late fall sowing date (October). For rust disease severity trait, the highest value was obtained by commercial cultivar Bronco (53.33%) in early summer date in the first year followed by commercial cultivar Samantha (52.33%) in late fall date in the first year without significant difference between them. On the contrary, the lowest values were obtained by the lines of G1, G2, G3, G4, G5, G6, G7, G8, G9, G13, G14, G15, G16, G17, G18, G19, G20 and G21 (0.00%) at all sowing dates. These results are in accordance with Khalifa et al ( 
Estimates of stability parameters
Data in Table ( 11) showed that the linear response of different environments was highly significant for total green yield trait, indicating that genotypes differed in their regression on the environmental index. Therefore, the regression coefficient (bi) and deviation from regression (S 2 d) was calculated. The mean square due to Env. + (G × Env) was highly significant, indicating that genotypes considerable interacted with the eight environmental conditions. These results agree with those found by Pereira et al (2014) and Swegarden et al (2016) .
Stability parameters which calculated from the total 8 environments using Eberhart and Russell (1966) model are given in Table 11 . Obtained results show that the regression coefficients (bi) were not significantly different from 1.0 in twenty three genotypes for total yield trait and the b values ranged between 0.43 (G12) and 2.11 (G6). Residual mean square values (S 2 d), which are indicative of deviations from the regression, were close to 0.0 in the genotype G17 and cultivar Samantha (S 2 d=0.02), while cultivar Xera had the highest S 2 d (4.52). The other genotypes bi and S 2 d values were between these values for total yield trait.
It could be mentioned that the performance of a genotype which had non-significant regression coefficients (b=1) may be predicted and said to be stable (Eberhart and Russell 1966). Generally, preferred genotypes show low G×E interaction variance, high mean yield potential over environments and below deviation from the expected Genotype × environment interaction and stability analysis for some economic characters in snap bean AUJASCI, Arab Univ. J. Agric. Sci., 27(2), 2019 1555 Table 11 . Stability analysis of variance and parameters for total green yield of twenty one and four chick (control) snap bean genotypes grown under different sowing dates during two seasons (2015/2016 and 2016/2017) . 1988) . The genotypes with the lowest insignificant deviation from regression are most phenotypically stable and vice versa. According to Eberhartand Russell (1966), genotypes with "b" value less than 1.0 and higher S 2 d than zero are said to be specifically adapted to poor or unfavorable environments, while, genotypes having high "b" value are specifically adapted to favorable or high yielding environments. The obtained results in Table   ( 11) indicated that values of deviation from regression (S AUJASCI, Arab Univ. J. Agric. Sci., 27(2), 2019 had regression coefficient (b) close to unity and deviation from regression (S 2 d) not significantly from zero. These results indicated its high yielding performance based on wide adaptation and stability of performance over all environments.
Genotype and source of variation
The lines of G1, G2, G3 and G10 as well as the check cultivar Bronco produced high yield over range of environments, showed high regression coefficient (bi>1) and non-significant deviation from regression (S 2 d), indicated specific adaptability of these genotypes to favorable or high yielding environments. It indicated that these lines could produce high yield at favorable environments with fertile soil, adequate water and other inputs. On the contrary, the lines G7 and G18 as well as the check cultivar Paulista showed low regression coefficient (bi<1) and non-significant deviation from regression (S 2 d), indicated specific adaptability of these genotypes to unfavorable environments. It is evident that these genotypes could be used as stress tolerant genotypes under stressed environments (poor yielding or unfavorable environments).
